Abstract Y-chromosomal short tandem repeats (Y-STRs) are commonly used to study population histories, discover ancestral relationships, and identify males for criminal justice purposes. Y-STRs being largely in forensic use have low haplotype diversity in some populations and cannot discriminate between paternal male relatives. Rapidly mutating Y-STRs (RM Y-STRs) were breakthrough and have been paid much attention. A set of 13 rapidly mutating (RM) Y-STRs (DYF387S1, DYF399S1, DYF403S1a/b1/b2, DYF404S1, DYS449, DYS518, DYS526I/II, DYS547, DYS570, DYS576, DYS612, DYS626, and DYS627) typically reveals higher haplotype diversities than the commercially available Y-STR sets and allows differentiating male relatives for which commercial Y-STR sets are usually not informative. Here, we amplified the 13 RM Y-STRs in 168 (37 Sindhi and 131 Punjabi) individuals from Pakistani population, which is characterized by high rates of endogamy. The haplotype diversity and discrimination capacity were 1. Allelic frequencies ranged from 0.0060 to 0.5060, while gene diversity ranged from 0.6759 (DYS526a) to 0.9937 (DYF399S1). A total 319 different alleles were observed. Results of our study showed that RM YSTRs provided substantially stronger discriminatory power in Pakistani populations.
consanguinity trends are different in urban and rural areas. In rural areas, first-cousin marriages are 57% and in urban areas 40% marriages are among cousins (http://www. pbscensus.gov.pk). These trends within the Pakistani population make genetic differentiation between related and unrelated male individuals challenging. Y-chromosome STRs are widely used in human population [1] sexual offenses, paternity testing, and missing person investigations [2] . Y-STRs show paternal inheritance and therefore each population show a substantial structuring which help to understand population histories [3] . For these applications, the currently available Y-STR panels (Yfiler and PPY23) have proven to be effective tools [4] [5] [6] [7] [8] [9] [10] .
There are some limitations to their use in forensic investigations. These markers cannot discriminate between individuals of same paternal linage like the autosomal STR sets used in forensic DNA profiling. This is primarily due to the uniparental inheritance and lack of recombination of male-specific Y-chromosome markers. A number of studies have demonstrated that Y-STR haplotype diversity, as measured using current Y-STR sets, can be enhanced and male lineage differentiation can be improved by adding carefully choosing additional Y-STRs [11] [12] [13] ; 13 rapidly mutating Y-STRs which Allah Rakha and Sibte Hadi are consider as senior authors.
Electronic supplementary material The online version of this article (https://doi.org/10.1007/s00414-018-01997-9) contains supplementary material, which is available to authorized users. Table 2 . A total of 223 alleles were observed for four multicopy RM Y-STRs while in total, 319 different alleles were observed for 13 RM Y-STRs. DYF399S1 was most diverse STR with 114 alleles and DYF404S1 was the lest diverse with 22 alleles in 4 multicopy markers among 13 RM YSTRs. Allelic frequencies ranged from 0.0060 to 0.5060 while the gene diversity (GD) ranged from 0.6759 (DYS526a) to 0.9937 (DYF399S1) and overall GD value was 0.8347. For forensic statistics analysis, we have evaluated our data at eight different levels (Table 1) . We observed 168 haplotypes and each haplotype was unique with haplotype diversity of 1, while random matching probability (RMP) was 0.0060 and discrimination capacity was also 1. When we excluded all multicopy markers from analysis, HD value decreased to 0.9992 with 152 haplotypes; among them, 152 were unique with DC value was 0.9464 and RMP value was 0.0067. Thermo Fisher Scientific, MA, USA company introduced a new Yfiler plus kit which contains 27 Y-STRs loci in which 6 are RM Y-STRs. So we also evaluated our data on these 6 RM Y-STRs and we have observed 147 haplotypes with GD value 0.9982, DC value 0.8750, and RMP 0.0077. Among 147 haplotypes, 130 were unique and 13 haplotypes were shared in 2 individuals and 4 haplotypes were shared in 3 individuals. We also have compared our current results with previously published populations from Pakistan with Yfiler and RM Y-STRs. British Pakistani, Punjabi population, Kashmiri population, Hazara Population, Sindhi population, Youszai population, and Pathan population showed DC 99.24%, 87.23%, 68.3%, 76.47%, 86.40%, 71.92%, and 73.7% with AmpFLSTR Yfiler PCR Amplification Kit loci respectively, while population studied with RM Y-STRs showed HD values 1, 0.9996, and 0.9921 for Araein population, Pakistani population [16] , and Sindhi population [17] , respectively. The previous global RM Y-STR multicenter study [18] reported haplotype diversity of 0.9999985 for the entire sample of < 12,200 males from around the world, with estimates for continental regions ranging from 0.99836 to 0.9999988. Various population samples also showed haplotype diversity estimates of 1 [18] . In conclusion, the analysis of the data showed that all the 168 samples had unique haplotypes for the 13 RM Y-STRs. These results are in agreement with previous studies, which indicate that the RM Y-STR set could considerably increase the discrimination power compared with the markers commonly used in Y-STR commercial kits [16] . However, further studies should be conducted for the regional populations of Pakistan, and compared with commercial Y-STR kits to assess the value of RM Y-STRs empirically and robustly. Our work has contributed to increase the global database for 13 RM Y-STRs where an initial study did not include many regional Southeast Asian populations [18] .
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